Abstract-Chrysanthemum is one of the most important Indonesia flowers, that which has always been developed in various plant breeding studies, including the development of synthetic seed encapsulation methods.
I. INTRODUCTION
Chrysanthemum is one of the most important Indonesia flowers. Many varieties of Chrysanthemum were introduced by Indonesia research centre of ornamental plants. It used as a cut flower, pot plant, and in the any kind of flower decoration.
Synthetic seed technology is an effort to make seeds with artificial materials as a substitute for capsules on the actual seeds. This synthetic seed technology is developed using somatic embryos and other micropropagules. The results of this technology have been successfully applied in the field, greenhouses and on other commercial planting techniques [1] . Synthetic seed technology is also carried out in the framework of micropropagation and conservasion of rare and endangered germplas of economically plants. However, the widespread application of synthetic seed technology in agriculture is still not optimal. This is due to the lack of high-quality micropropagules production [2] . The technology also provides its importance in ex vitro conservation as the encapsulation protects the plant sample from the unfavorable effects of toxic cryoprotectants and post-storage damages [3] .
In a decade later, encapsulation of nodal segments with Caalginate to develop artificial seeds has been investigated in many plant species [1, [4] [5] [6] [7] . It also developing in many horticulture plants research published such as Begonia [8] , strawberry [9] , Chrysanthemum [10] , Oxalis [11] etc. The research on encapsulation technology is currently mainly carried out with a focus on the development of its technology, constrains and commercial prospects for the future [12] .
Artificial seed works in encapsulation technology is part of the progress of plant biotechnology that is feasible to be developed in large-scale artificial seed production [13] . Development of synthetic seed encapsulation technology has been carried out in various countries around the world. In Indonesia, synthetic seed encapsulation technology is still limited to laboratory scale research. Synthetic seeds developed in Indonesia in several types of plants, such as Potato [14] Pineapple [15] , Sugarcane [16] , tea [17] , Moringa oleifera [18] .
It was stated by [19] that encapsulation technology at the moment is still being developed and presents some open questions that have to be solved. Encapsulation and synthetic seed are useful for the effective channel for diffusion of new plant genotypes, direct sowing of synthetic seed in field, greenhouse or growth chamber; plants material storage; biodiversity conservation; exchange of in vitro plant material between laboratories and nurseries in different countries [19] . Recent advance in the production of artificial seeds reveal that beside somatic embryos, encapsulation of cells and tissues developed in vitro is becoming popular [20] . The study were aimed at developing a method of encapsulating shoot tip and nodal segments of Chrysanthemum that can be used for plant propagation and as explants for shortterm storage.
II. MATERIALS AND METHOD

A. Preparing synthetic seed
Shoot tips and single nodes of Chrysanthemum explant were used as propagule for synthetic seed. Those 3-mm long of propagule was obtain from 4 months old of in vitro Chrysanthemum plantlets. One liter of MS medium was prepared with 30 g sucrose and 25 g of sodium alginate added with growth regulator (IBA) and Coconut water (CW).
Encapsulation was accomplished by mixing the propagule into the sodium alginate solutions and dropping these individually into the calcium chloride (CaCl2) solution. The 2% CaCl2 was prepared by adding 20 g calcium chloride into one litre distilled water.
Each droplets containing one propagule is then store in the CaCl2 solution and gently soaked for about 20 minutes. Encapsulated seed are the washed in sterile distilled water to remove calcium chloride residues. The synthetis seed that have been formed are rinsed again with sterile distilled water for 3 times and dried at room temperature.
B. Treatments on germination
The effect of BAP and coconut water in 9 treatments on germination of synthetic seed was assessed. The treatments are BAP 0, 1, and 2 ppm and coconut water 0, 100, and 150 ml/L on full strength MS basal medium, with repetition three times.
Synthetic seeds that have been formed, then grown in vitro on MS medium for 4 weeks in a 20 0 C incubating room. The number of dead, stagnant seed and germinating synthetic seeds were counted for each treatment after 1, 2, 3, and 4 weeks. The percentage of seeds in the observation, also calculated based on the total of synthetic seeds tested. The day's emergence of meristematic shoots also recorded after 1, 2, 3, and 4 week's storage period.
III. RESULT& DISCUSSION
A. Encapsulation
The results of this study indicate that synthetic seeds of chrysanthemum plants can be well made by methods that described above. Likewise [20] which states that synthetic seed can be a good tool for plant propagation and store propagules for a reasonable period of time. The steps involved in the scheme used for encapsulation of Chrysanthemums shoot tip and nodes are mentioned above. Fig. 1 showed the prepared synthetic seed ready to take in storage and germinated.
Germination and seed storage to find out the seed germination based on the storage period, the observations were carried out every week. The seeds were germinated on MS solid media, without any plant growth regulators. Germination was observed for 2 weeks after planting. The following were germination percentage data for various storage periods. Fig. 3 showed the emergence of meristematic shoots.
Even it was reported that the high concentration or the long exposure of the embryos to the calcium chloride results in more absorption and penetration of CaCl2 in the embryo, which can lead to growth inhibition [21] . But based on Fig.2 , it can be seen that the percentage of germination of synthetic chrysanthemum seeds showed that there were not significantly different at each storage period. At 1 week storage period showed the lowest germination percentage obtained in BAP 2 ppm + Coconut Water 0 ml / l, which was 65.0% and the highest germination percentage was obtained in BAP 0 ppm + Coconut Water 150 ml / l, that was 76.7%. Synthetic seeds with 2 weeks storage period, the Control obtained the lowest germination percentage (50.5%) and BAP 0 ppm + Coconut Water 150 ml / l treatment was the highest germination percentage (75.5%). In the 3 weeks storage period, the lowest germination percentage was obtained by BAP 2 ppm + Coconut Water 0 ml / l, which was 42.5%, while the best germination percentage was obtained by BAP 0 ppm + Coconut Water 150 ml / l, that was 60.5%.
Synthetic seeds on 4 weeks storage period experienced a decrease in germination percentage when compared to the 1, 2 and 3 weeks. The Control showed the lowest germination percentage (24.5%), while the best germination percentage was obtained by BAP 0 ppm + Coconut Water 150 ml / l (52.5%).
However, based on statistical analysis, all data showed that there were no significant differences on the germination percentage, based on storage period. The treatment of encapsulation media that still retains germination power is obtained in BAP 0 ppm + Coconut Water 150 ml/L, which has the best germination percentage which is more than 70% at storage period of 1 week, 2 weeks, 3 weeks, and 4 weeks that is, the percentage of germination is 76.7%, 75.5%, 71.5% and 70%. Thus, the treatment of the media that can maintain the best germination percentage value with the acquisition of more than 70% is in the BAP 0 ppm + Coconut Water 150 ml / L.
As mentioned by [20] Synthetic seeds could be a good tool to propagate these types of plants and to store their propagules for a reasonable period of time.
The result of [22] in their Salvia synthetic seed research, conclude that shoot tips maintained their viability and ability to develop shoots even after 24 weeks of storage when they were encapsulated in 3% alginate with 1/3 MS medium, sucrose (1.5%) and GA3 (0.25 mg/l). It seems that cold stored synthetic seeds were superior in terms of their regrowth capacity than that of room stored ones for all the growth parameters studied. A promising degree of interaction was observed between 4°C and 45 days of storage interval for regrowth percentage as well as for shoot and root development [23] . However, the potential of cold and room stored synthetic seeds to convert into complete plants indicated that trimming and encapsulation had no negative effect on their regrowth and they still maintained meristematic characteristics. According to the results showed at Table 1 , there was no significantly different between the treatments, except on 1 week storage period. The culture medium containing coconut water 150 ml/L without BAP, with an average of 6.3 days, was found to be more effective in the storage of synthetic seed. In previous studies, no report was found stating that IBA increases the formation of leaves in plants. However, it is known that stimulating shoot formation and inhibiting of leaves are among the physiological effects of plant growth regulators of the cytokinin group [24] . Germination efficiency of synthetic seeds was decreased to 14% after 4 weeks of storage followed by rapid decrease in survival rate to 40 % after 4 weeks. It was similarly with [25] on their cucumber synthetic seed research.
IV. CONCLUSION
It can be concluded that this study was successful in developing a method of encapsulating shoot tip and nodal segments of Chrysanthemum. Synthetic seeds were formed using 4% sodium alginate in MS salt solution as the gel matrix and 2% calcium chloride (CaCl2⋅H2O) for complexion. Encapsulated seeds had a higher germination percentage in MS salt solution supplemented with 150 ml/L coconut water as matrix gel. The viability of synthetic seeds were decrease on 4 weeks storage period, compared to the 1, 2 and 3 weeks storage period 
